Abstract: When conducting prevalence surveys pressure ulcers were found in participants clearly identified not to be at risk. This article determines and analyses persons in German hospitals and nursing homes who suffer from pressure ulcers but are not at risk. In the years 2002, 2003 and 2004 there were 7,097 nursing home residents and 23,966 hospital patients examined in annual pressure ulcer prevalence surveys. A risk assessment according to the Braden Scale was performed for each participant on the day of the survey. "Not at risk" participants were defined by Braden score cut-off > 20 points. There were 440 of 3,012 (14.6%) persons with pressure ulcer who were considered not to be at risk. In hospitals, 16.1% of all patients with pressure ulcers were not at risk, in nursing homes it was 8.2%. A high variance between medical specialties and individual institutions was found in the number of those not at risk but with pressure ulcer. In the group not at risk, persons with and without a pressure ulcer differed regarding activity and friction and shear in nursing homes. In hospitals those persons differed regarding age and all single items of the Braden scale apart from sensory perception. Pressure ulcers that are more severe, located at the hip or lower back or the origin of which is unknown are more likely to be considered to be at risk by the Braden risk assessment tool. The results may indicate insufficient abilities of the Braden scale for certain kind of pressure ulcer wounds.
Introduction
Prevalence rates of pressure ulcer in health care facilities provide professional care givers and health care planners with facts about the size of this important and expensive [1, 2] care problem. These rates are used as quality outcomes [3] to compare different samples of studies with each other or with other national or international studies [4] . Those with a high rate can then be identified and additional analyses or studies may focus on what improvement in prevention and therapy can be made to reduce the existence of these wounds [5, 6] . To ensure accurate results it is vital to use standardised and tested instruments, definitions and methods for data collection and data analysis [7] . Although pressure ulcer prevalence survey studies are very common in many industrialised countries, the possibilities to compare results are limited because of different methods and definitions that were used [8, 9] so that a different understanding or use of such a definition may occur. For example, the definition of prevalence [10] : "Prevalence measures all cases of a condition (e.g., pressure ulcers) among those at risk for developing the condition. Measures of prevalence are made at one point in time." allows different interpretations. Prevalence rates in publications, which are based on such definitions, can be distinguished between overall prevalence rates [11, 12] for a complete sample / population and prevalence rates of parts of the sample / population due to a priori formulated exclusion criteria like age [13] or their individual pressure ulcer risk [14] . Overall prevalence rates reduce the ability to compare study results because then the influence of different samples on the calculated rates [15, 16] is strong, i.e. interpretations of overall prevalence rates of hospitals and nursing homes neglect consideration of the differences in risk in both samples [15] . Comparison of standardised groups through case-mix [17, 18] or risk assessment [19] could be a possible alternative. Standardisation through case-mix is only possible when the data of all the different groups are available. Standardisation based on the risk of participants seems more attractive where rates of different populations can be compared, as the prevalence rate is only calculated within the risk group. However, in that case another problem arises: patients/residents who are not at risk (according to a risk assessment scale) but still have a pressure ulcer. Several studies of risk assessment tools like the Waterlow, the Norton or the Braden scale consider it as an important problem with those instruments [20, 21] .
It can either be explained by a low reliability and/or validity of the assessment tool. It is not possible to include all possible influencing factors in the risk assessment scales, and therefore people can develop a pressure ulcer due to a specific factor not measured in the scales. For instance, the Braden risk assessment scales does not measure if hospital patients will have or had to undergo surgery. Patients who, in general, are not at risk but develop a pressure ulcer during surgery in the end are pressure ulcer persons who are not at risk. Another explanation could be that (in prevalence measurements) the person developed the pressure ulcer at an earlier time when he or she was at risk. The following descriptive analysis of 3 annual pressure ulcer surveys can be regarded as a first step to explain this phenomenon. A comparison between all participants with and without pressure ulcer but without pressure ulcer risk will be performed. Furthermore, characteristics of pressure ulcer wounds like duration, origin, location and severity will be compared between persons at risk and not at risk. The following research question are formulated:.
• How many persons not at risk but with pressure ulcer were found in acute hospitals and nursing homes in Germany? • Among those not at risk, what were the differences in resident/patient characteristics between those with and without pressure ulcer? • Do pressure ulcer wound characteristics (location, grade, origin, duration) differ between persons at risk and not at risk?
Statistical methods and Experimental procedures
Point prevalence studies were conducted in 2002, 2003 and 2004 . Data collection methods and questionnaire formats were based on a well-developed and tested study design [22] . The instrument included questions regarding patient demography, occurrence and characteristics of pressure ulcers. The Braden scale was applied to measure the risk of developing pressure ulcers, while the degree of pressure ulcers was determined by the grading system and the use of the tested pictures of each ulcer grade [23] of the European Pressure Ulcer Advisory Panel [24] .
Researchers trained the coordinators of all participating hospitals and nursing homes. Each coordinator then trained the ward nurses in gathering the data used in the survey. Only those ward nurses were trained who were fully qualified staff nurses. All trained nurses received standard pictures and definitions of each ulcer grade. In the second week of April 2002 and 2003 respectively, the prevalence study was carried out on one specific day in each of the participating institutions. Specially trained ward nurses examined all patients or residents in the selected wards of their institutions. Each participant, either personally or represented by a relative, had to give his/her informed consent. Following the completion of those procedures the questionnaires were sent to the university, where they were checked for remarks and completeness and prepared for data analysis. Ethical permission to conduct the study was obtained from the ethical medical committee of the state of Berlin.
When testing if people were at risk or not at risk of developing pressure ulcer, the different populations in nursing homes and hospitals were standardised [25] and categorised into groups by using the Braden scale with a cut-off of 20 points and less (cut-off based on earlier research (Lahmann et al., 2005) . For determining the prevalence rate the NPUAP definition was used: "Prevalence measures all cases of a condition (e.g., pressure ulcers) among those at risk of developing the condition. Measures of prevalence are made at one point in time" [10] . Average values and standard deviation of patient demographics and single Braden items were calculated for the comparison of persons with and without pressure ulcers in the not at risk group. In order to test statistical significance t-tests (student) were carried out. Wound characteristics of people at risk and not at risk were compared. Finally, the odds ratios for being categorised in the group at risk were performed for all wound characteristics.
In the years 2002, 2003 and 2004 hospitals and nursing homes throughout Germany were invited to participate anonymously in the study. Altogether, 7,097 residents of 60 different nursing homes and 23,966 patients of 82 different hospitals participated in the studies. The sample comprised all kinds of different hospitals such as university hospitals and small community hospitals as well as large nursing homes with more than 300 residents and very small nursing homes with about 40 residents. Institutions were located in 12 of the 16 states in the Federal Republic of Germany. The participation of residents in nursing homes was 79.3%, of patients in hospitals it was 72.6%. The average age in hospitals was 63.7 years while the average age of residents in nursing homes was 82.6 years. The Body Mass Index (BMI) of 23.7 in nursing homes was lower than in hospitals where it was 25.8. There were more female than male patients in hospitals (56.0%) and in nursing homes (80.3%). In hospitals, the mean Braden score was 20.0 whilst in the nursing homes it was 17.8. A Braden score of 20 points and less was measured in 62.8% of all nursing home residents. In hospitals 38.2% of all hospital patients had these low scores.
Results

No risk patients / residents with at least one pressure ulcer
When we say high Braden scale score we mean no or only little risk to develop pressure ulcers. In this study persons with pressure ulcers were found in every Braden sum score category. There were 146 (43) patients in hospitals and 17 (9) residents in nursing homes inclusive (exclusive) grade 1 pressure ulcers with a full Braden score of 23 points. As displayed in table 1, there were 2429 (1089) hospital patients and 595 (309) nursing home residents with a pressure ulcer (excluding grade 1) in the sample. The overall prevalence rate was 9.7% (4.5%) (exclusive of grade 1). Upon comparing only those at risk (Braden ≤ 20) different samples will be standardised and comparisons, e.g. between nursing homes and hospitals, the values are much better. In this case, the prevalence rate of those at risk in hospitals was 22.3% (10.6%) in comparison to 12.3% (6.4%). However, this article made it clear that there was quite a considerable amount of persons (440) who biased such a result because they had a high Braden sum score and therefore were not considered to be at risk. It is of course possible to calculate a prevalence rate for those not at risk (2.6% in hospitals, 1.9% in nursing homes) but it might be difficult to interpret the results. Although the study design as well as the training of nursing staff who conducted the study was standardised, the share of pressure ulcer persons not at risk (pu persons in the not at risk group) could be caused by individual institutions having used the Braden scale inadequately. In 55% of all nursing homes and 28.0% of all hospitals no pressure ulcer persons were found not to be at risk. In 15 nursing homes (25% of all nursing homes) and in 37 hospitals (45.1% of all hospitals) the amount of wrong negatives ranged from 10.1 to 25%. There were 6 hospitals and 6 nursing homes, where more than 25% of pressure ulcers were found in the group not at risk.
3.2.2
Relative amount of pressure ulcer occurrence in the group not at risk in different kinds of institutions and clinical specialities. Table 2 displays the overall prevalence and the percentage of pu persons with a Braden score > 20 points in nursing homes and different specialities in hospitals. The overall prevalence in hospitals is 10.1% and 8.4% in nursing homes. Within the hospitals there were great differences between the different specialities. In intensive care it was 24.8%, in urology and obstetrics it was 3.8%. In the group that was not considered to be at risk there were 391 (16.1%) patients with pressure ulcers in hospitals and 49 residents with pressure ulcers in nursing homes in the group not at risk, so the relative amount of persons not at risk with a pressure ulcer is higher in hospitals than in nursing homes.
The relative amount of those in intensive care, neurology/neuro-surgery and geriatrics was less than average. In surgery and other wards it was higher than average. Urology and obstetrics had the highest relative amount (37.5%) of pressure ulcer patients in the group not at risk. Table 3 (t-test student) showed that hospital patients with a pressure ulcer were, with regard to statistical significance older than those without a pressure ulcer. There was no indication of this phenomenon existing in nursing homes. There were no differences in any group regarding the BMI. Table 3 also shows a comparison of persons not at risk with and without pressure ulcers for the Braden sum score and all 6 single items of the Braden scale. As a more individual scoring of single items of the scales are discussed [26] this analysis will eventually show the existence of one or more key items for identifying a pressure ulcer risk. A comparison of average values (t-test student) in all nursing home residents with and without pressure ulcers shows that there were statistically significant lower average values in people with a Figure 1 reveals the differences in the location of wounds of nursing home residents and hospital patients being at risk and not at risk. 53.1% of all 799 wounds in nursing homes were situated in the lower back area in people at risk as opposed to 41.1% in those not at risk. In hospitals 49.8% of all wounds in the risk group were located in this region in comparison to 37.4% in the not at risk group. Heel ulcers were more common in those not at risk (30.0) in nursing homes than in those at risk (23.3%). In contrast -other locations (31.5%) were predominant in hospital patients not at risk.
Item analyses of the Braden scale
Fig. 1
Comparison of pressure ulcer wound location in the group at risk / not at risk. Figure 2 shows the differences in nursing homes and hospitals regarding the severity of wounds. Of a total of 799 wounds in nursing homes we found 52.1% of grade 1 pressure ulcers in the risk group in comparison to 56.7% in the not at risk group. In hospitals (total amount of wounds = 3793) there were 60.5% in the risk group in comparison to 70.6% in the not at risk group. In both kinds of institutions more severe ulcers were less common in the not at risk group than they were in the risk group. Fig. 2 Comparison of pressure ulcer wound severity in the group at risk / not at risk. Figure 3 displays the differences in hospitals and nursing homes regarding the origin of wounds. The risk groups in nursing homes were different in that the origin of 5.6% of all wounds in these people was unknown whilst 25.9% of wounds with an unknown origin were found in the group not at risk. In hospitals the difference was not that great with 11.7% (in the risk group) compared to 16.5% (in the group not at risk). There were only little differences between risk groups in nursing homes concerning wounds which developed outside the institution (31.9% vs. 31.0%) and risk groups in hospitals with wounds developed inside the institution (56.7% vs. 57.2%).
Severity
Origin
Fig. 3
Comparison of pressure ulcer wound origin in the group at risk / not at risk. Figure 4 displays the differences in hospitals and nursing homes regarding the history of wounds. In nursing homes 54.9% of all wounds in the group not at risk developed within 2 weeks to 3 months, 9.8% developed earlier. The risk group was different where one third of all ulcers had developed more than 3 months before. In hospitals 61.7% of all wounds in the group not at risk developed within 2 weeks as opposed to 55.5% of all wounds in the risk group.
History
Odds Ratio of wound and patient characteristics for being "at risk"
The data showed that it is possible to have a high Braden score but still have a pressure ulcer. When calculating the odds ratio of all known wound characteristics, which are all listed in Table 4 for the condition "at risk", differences can be noticed. In the last row of Table 4 the odds ratio for the existence of a pressure ulcer in general is an average of the calculated odds ratios of certain wound characteristics regarding severity, location, duration and origin of pressure ulcer wounds. Since Odd Ratio (OR) figures are easily affected by the total n score, the comparison of figures of hospital patients with nursing home residents is limited. The total OR for being in the group at risk with a pressure ulcer in nursing homes is 7.4, in hospitals it is 10.5. In nursing homes the odds were even higher, if a pressure ulcer was located in the lower back area, the hip area, if they were of a severity of grade 2 or 3, had developed within 2 weeks to more than 3 months and when the origin was known. In hospitals the odds ratio was also higher in the location of the Fig. 4 Comparison of pressure ulcer wound history in the group at risk / not at risk.
hip and lower back areas and for all non-superficial pressure ulcers. If the wounds had already existed between 2 weeks and three months or they initially developed outside the institution, the odds ratio for being in the risk group was also higher than for a pressure ulcer in general.
Discussion
The overall aim of a risk assessment tool is twofold. On the one hand, it is supposed to categorise one group that is at risk and may develop a pressure ulcer. In that case, preventive measures and devices are indicated to prevent a pressure ulcer development. On the other hand, it categorises the persons not at risk, who do not develop such an ulcer. The Braden scale as one of the internationally most validated and commonly used risk assessment tools -even with a very sensitive cut-off point of 20 and less -still leaves behind quite a remarkable sample of "not at risk" patients with at least one pressure ulcer. In this study, 163 persons with the highest possible scores (23 points) were found to have at least one ulcer. Even if superficial grade 1 ulcers were excluded, there were still more than 50 persons having at least one pressure ulcer grade 2 -4. Although this does not seem to be too much in relation to the sample size of 31.063 examined persons, it is hard to imagine that people with no indication of a pressure ulcer risk still have one. It is difficult if standardised risk groups are used to compare different samples like nursing homes and hospitals. The Dutch and German studies [15, 19] used a quite sensitive cut-off point of Braden ≤ 20. By categorising individuals in this study into groups at risk and not at risk, 440 persons with pressure ulcers out of a total of 3024 persons with pressure ulcers had a Braden score of 21, 22 or 23 points. As 8.2% of all persons with pressure ulcers in nursing homes and 16.1% of all persons with wounds in hospitals did not have a risk, this phenomenon seems to be almost twice as common in hospitals as in nursing homes. Since the data made evident that there were persons with pressure ulcer but no risk, a more detailed analysis of this group was conducted. It has to be pointed out that such an exploratory analysis of (multiple) point prevalence surveys does not disclose any possible evidence of the issue, but it might help to develop ideas and hypotheses which might be interesting for further research.
As a first step a more detailed analysis of the clinical specialities revealed that there were wards with a high percentage of wounds in people not at risk such as urology, obstetrics or surgery and that there is a rather low percentage in intensive care or geriatrics. High rates in surgery could be an indication for the fact that patients develop PU during an operation, although they were not at risk initially. High rates among individuals not at risk in urology might be associated with some sort of incontinence. An interesting finding is that, according to previously published study results [15] , high rates among people not at risk more ore less reflect contrary prevalence rates among those at risk, because in specialities with high prevalence rates such as ICU and geriatrics there were high prevalence rates whereas in urology, obstetrics or psychiatric there were very low ones. It is possible that the use of the Braden scale is not that common on those wards and therefore the assessment was not as accurate as it should have been. The Braden scale was also tested in each individual participating institution concerning its appropriate application. As almost half of all participating hospitals (45.1%) had a rate of between 10.1 and 25% of pressure ulcer persons not at risk and even 6 institutions of each type had a rate of more than 25%, it can be concluded that the problem of pressure ulcer persons not at risk is rather a systematic than an individual one. Comparison of single items of the at risk persons with and without pressure ulcers indicated that the Braden scale could be more predictive if items like friction and shear in nursing home residents and activity in general would be taken more into account, even though a high Braden sum score does not necessarily indicate a pressure ulcer risk. Regarding hospitalised patients these findings about the importance of activity/mobility confirmed recent study results of Lindgren et al [27] . The comparison of demographic data of sex, age and body-mass-index of those with and without pressure ulcer in the group not at risk showed that hospital patients with ulcers are about 10 years older than those without a pressure ulcer, regardless if pressure ulcer grade 1 is excluded or not. In nursing homes there was no statistically significant difference regarding the issue. In each kind of institution and regardless if grade one is considered or not, there were no statistically significant differences regarding body mass index or sex. When comparing the severity of pressure ulcer wounds in people at risk with those not at risk the most obvious differences were that wounds, which were found in the ones not at risk, were less severe than in those at risk independent from the type of institution. Although more severe ulcers are less common in the not at risk group, the most surprising finding is that the severity trend in each risk group is similar and that the displayed differences did not seem to be too fundamental. This also applies -more or less -when the origin and history of wounds of these groups are compared. Regarding those issues the most obvious finding in both kinds of institution was that the origin of wounds in persons not at risk was unknown in contrast to those at risk and that the history of wounds was usually shorter. Differences between risk groups appeared larger in nursing homes than in hospitals, but it might be explained by the rather small sample size of about 60 wounds in the residents not at risk.
Finally, a calculation of odds ratio for having single pressure ulcer characteristics and being in the group at risk was performed. It emphasises that all displayed pressure ulcer characteristics had to have high odds ratio for being in the group at risk, otherwise this tool would not be very effective. Nevertheless, the calculation of the odds ratio indicated at least two interesting aspects in the "not at risk but still pressure ulcer phenomenon". First, the wide range in odds ratios in each kind of institution indicates different impacts of different pressure ulcer characteristics on the effectiveness of the Braden scale to distinguish between those at risk and those not at risk. The second important aspects is that superficial wounds (pressure ulcer grade 1) wounds situated on e.g. heels and ankles and especially those where the origin was unknown had a "lower than average" Odd Ratio. Therefore, it can be finally stated -since the Braden scale seemed to have difficulties in covering all kinds of pressure ulcer wounds -that it seems to be particularly difficult for pressure ulcer wound characteristics. The number of participants was high and the sample comprised the majority of states of the Federal Republic of Germany as well as almost every kind and size of health care organisation. Since participation was voluntary and no random or quota procedure was used, no final statement about the external validity of the data can be made. For this study, all data of annual surveys of 2002, 2003 and 2004 were analysed together, mainly to achieve a sufficient sample size of pressure ulcers in patients without a risk to allow for the performance of statistical tests. It is interesting that the results of each individual annual survey more or less confirm the same findings.
The analysis of data of more than 30.000 patients/residents of 3 annual nationwide pressure ulcer prevalence surveys in 2002, 2003 and 2004 in the Federal Republic of Germany indicated that pressure ulcer persons in the group not at risk remain a problem in the comparison of standardised risk groups. Although the appearance of pressure ulcer persons not at risk was much more common in some clinical specialities and some individual participating health care institutions than in others, it rather seemed to be a problem of risk assessment in general than of an individual incorrect application of the Braden scale.
